contributions of CD and MCD are separated by measuring the net spectrum tw1ce; first. with the magnetic field parallel to the Poynting vector of the optical beam and then with 'it antiparallel. The value of the net optical activity for each wavelength increment is converted to digital·form and the manipulations required to sep·arate CD and MCD and si:gnal averaging are performed by a computer. The data can be plotted in a variety of fonnats on a Cal Comp. Plotter. The instrument is equipped with a Cary Mbdel 14 prism-grating monochromator which, unlike double quartz prism monochromators, has good wavelength dispersion from the uv to the near ir spectral regions. Performance in the ultraviolet has been considerably One of the novel features revealed in Fig. l is the presence of two magnets, either of which may be positioned in the optica 1 beam.
The two magnets represent different trade-offs between performance on the one hand and ease of use and economy on the other. The magnitude of the circular dichroism induced by a magnetic field is directly .Proportional to the magnitude of the field. Thus, when high sensitivity is required, the sample is placed in the superconducting magnet where the ·magnetic field intensity can be as high as 6.6 Tesla (66, 000 Gauss}.
Use of the Satperconducting magnet is indicated either when the magnetic anisotropy (A£r4cof£• see eqs. 1 and 5 below) is small in an absolute sense or when the magnetic anisotropy is small compared to the natural anisotropy (A£col£). In this manner the light beam can be used to measure the average magnetic flux across that part of the reference and ·sample which is illuminated.
Solutions of potassi1111 ferricyanide, prepared gravimetrically or assuming ~ = 1,020; were routinely utilized. For temperatures near 22°C, A£ 42 tH ~ 3.0 (M·cm·Tesla)-l. The superconducting magnet has a bore 2.6 em in d1ameter, with a more homogenous field, and passes the entire beam freely. 
CALCULATIONS .
One of the greatest experimental difficulties involved in measuring the MCD of a biological material is that the sample is likely to exhibit natural CD. The observed circular dichroism is thus the sum of these two effects : i • e, · ,
' . we reverse the direction of the field and repeat the measurement. The two · measured spectra are given by
where the absolute value sign indicates that the sigri of the magnetic fteld is now written explicitly. Addition of the two spectra effectively cancels the MCD contribution since reversal of the direction of the magnetic field simply changes the sign of the MCD and
Thus the CD signal~to-noise ratio is also increased by a factor of ~.
Subtraction of the two curves removes the natural CD contribution and yields (4) If the base line is known ~o be flat, the same two sets of data also suffice to determine aACD. Otherwise, a solvent-only reference must be run and the data subtracted from Eq. (2). At higher detection sensitivities or in instances of inadequate shielding, the baseline may be slightly dependent on The direction of the magnetic field in the electromagnet is reversed by reversing the direction of current flow in the magnet's coils. This simple approach is impractical with the superconducting magnet since 10 to 15 minutes are required to charge the magnet to its full field and also because charging· and discharging the magnet greatly increases the rate of helium loss. Our solution to the problem of reversing the direction of the field was to mount the magnet on a base which rotates through 180°.
The limits Of rotation a;·e determined precisely by adjustable stops which insure reproducible alignment.
RESULTS
We have previously reported MCD spectra of cytochrome c in the visible and near ir spectral regions; obtained using the 6.6 T superconducting magnet. 9 The spectra were redrawn from a computer output·and did not illustrate the signal-to-noise ratios attainable with the instrument as do the data reported herein. Presently, data are transmitted directly to a Scientific Data Systems Model Sigma 2 computer equipped with a Cal Comp plotter, 3 and the experimental results are plotted in a manner suitable for photocopy; ng. The MCO spectrum of oxyhemoglobin in the near ir was obtained using an S-1 photomultiplier (Fig. 6 ) and the electromagnet fitted with longer pole pieces yielding a field of 1.43 T. This MCO spectrum is very similar to the spectrum of equine oxyhemoglobin reported by Sutherland et al . 11
Sample temperature was maintained with a water jacketed cell. Further extensions into the ir ·spectral region will be possible shortly with the incorporation of an InAs detector of the type described by Stephens et _al • 12
and anci 11 iary servos.
Assembled, as opposed to purchased, instruments offer the advantage of flexibility-and make :t easier to tailor the instrument for specific applications as well as offering protection against obsolescence. With the recent appearance of a conmercial photo-elastic modulator and its associated electronics, all of the basic components of a CO or MCO instrument can now be purchased separately. Thus, this approach to instrument development should become increasingly attractive. ten passes were averaged. . ·i.
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